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Abstract  15 
The Lower Cretaceous record of lamniforms from South America is scarce and poorly known, 16 
containing only two reports of isolated teeth from the upper Hauterivian of Argentina and the 17 
Albian of Peru. Here, we describe a partial articulated tooth set referable to †Protolamna 18 
ricaurtensis sp. nov. from the upper Barremian–lower Aptian deposits of the Paja Formation 19 
(Andes of Colombia). The new species corresponds to one of the oldest fossil lamniforms to 20 
date reported from South America. This articulated tooth set is the only known for the family 21 
†Pseudoscapanorhynchidae, and possibly the oldest in its type for a lamniform from the 22 
Lower Cretaceous. Our findings offer new insights in to the lamniform paleodiversity of the 23 
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1. Introduction 28 
Lamniformes, also known as mackerel sharks, is a clade of marine selachians represented 29 
today by ten genera and fifteen species (Weigmann, 2016), including the great white, and 30 
sand tiger sharks, among others. The earliest known lamniform fossil extends back to the 31 
Lower Cretaceous (Kriwet et al., 2008; Schmitz et al., 2010), with a greater diversity of forms 32 
occurring during the Upper Cretaceous–Paleogene interval in numerous localities worldwide 33 
(Guinot and Cavin, 2016; Cappetta 2012). Overall, the Cretaceous record of lamniform sharks 34 
is well known, mostly from the Northern Hemisphere (e.g., Europe and North America, see 35 
Cappetta 2012), as these regions have been extensively studied since the 19th century. On the 36 
contrary, the fossil record of lamniform sharks in South America is represented exclusively by 37 
isolated dental elements of at least nine genera from the Upper Cretaceous of Argentina 38 
(Arratia and Cione, 1996; Bogan and Agnolin, 2010; Prámparo et al., 2013; Schroeter et al., 39 
2014), Brazil (Maury, 1930; Oliveira, 1954; Rebouças and Silva Santos, 1956), Chile (Otero 40 
et al., 2013) and Venezuela (Moody and Maisey, 1994; Carrillo-Briceño et al., 2008; Guinot 41 
and Carrillo-Briceño 2018). Only few Lower Cretaceous records of lamniforms are known, 42 
such as †Priscusurus adruptodontus Kriwet, 2006, from the middle? Albian of Peru, and 43 
†Protolamna sp. from the upper Hauterivian of Argentina (Gouiric-Cavalli et al., 2018). A 44 
detailed discussion about the taxonomic status of †P. adruptodontus was presented by Guinot 45 
and Carrillo-Briceño (2018).  46 
The fossil record of Cretaceous chondrichthyans from northern South America is poorly 47 
known with only few remains of lamniforms and ptychodonts from Colombia (Reinhart, 48 






















Maisey, 1994; Carrillo-Briceño, 2009, 2012; Carrillo-Briceño et al., 2008; Carrillo-Briceño 50 
and Lucas, 2013; Guinot and Carrillo-Briceño 2018). Here we describe a piece of an 51 
articulated tooth set of †Protolamna ricaurtensis sp. nov., from the Lower Cretaceous of the 52 
Andes of Colombia. The new fossil represents one of the oldest fossil lamniforms species to 53 
date reported from South America, and shed new light on the Lamniform paleodiversity of the 54 
northwestern margin of Gondwana during the Early Cretaceous. 55 
 56 
2. Materials and methods 57 
The partial articulated tooth set described here is included in a single block of indurated 58 
limestone matrix from the Lower Cretaceous Arcillolitas Abigarradas Member of the Paja 59 
Formation (upper Barremian–lower Aptian), cropping out in the Loma La Catalina locality 60 
(05º 38’ 00’’ N and 073º 34’ 40” W; ~ 2139 m.a.s.l), located 6 km east of the town of Villa de 61 
Leyva, Department of Boyacá, Colombian Andes Eastern Cordillera (Fig. 1). The Paja 62 
Formation is thought to have been deposited in shallow marine waters with restricted 63 
circulation (Etayo-Serna, 1968). Etayo-Serna (1968) divided the Paja Formation into three 64 
members: the “Lutitas Negras Inferiores” (Lower Paja Formation), “Arcillolitas Abigarradas” 65 
(Middle Paja Formation), and the “Arcillolitas con Nódulos Huecos” (Upper Paja Formation). 66 
The outcrops of the Loma La Catalina locality (La Catalina hill) belong to the middle segment 67 
of the Paja Formation, which were recognized by Etayo-Serna 1968 as the “Arcillolitas 68 
Abigarradas” Member (see Hoedemaeker, 2004, fig. 2; Hampe, 2005, fig. 1). This member is 69 
~480 m thick (Etayo-Serna, 1968). An upper Barremian–lower Aptian age has been suggested 70 
for this member based on the recognition of the †Pseudocrioceras ammonite assemblage zone 71 
(Hoedemaeker, 2004). The specimen referred here was discovered and collected by one of the 72 
authors (J.P.), and is housed in the Centro de Investigaciones Paleontológicas (CIP), Villa de 73 






















column of the Loma La Catalina outcrops (“Arcillolitas Abigarradas” Member), which 75 
preclude an accurate localization of fossiliferous levels where the specimen FCG-CBP-93 was 76 
collected. Taxonomic identification was based on an extensive bibliographical review, and the 77 
systematic classification follows Cappetta (2012). 78 
 79 
3. Systematic description 80 
Class Chondrichthyes Huxley, 1880 81 
Subclass Elasmobranchii Bonaparte, 1838  82 
Order Lamniformes Berg, 1958 83 
Family †Pseudoscapanorhynchidae Herman, 1979 84 
Genus †Protolamna Cappetta, 1980 85 
†Protolamna ricaurtensis sp. nov. 86 
(Fig. 2) 87 
Derivation of name. The species is named in honour of Antonio Ricaurte (1797–†1814), the 88 
Villa de Leyva town's most famous son, who was a patriot officer during the independence 89 
war, becoming a hero and martyr during the Battle of San Mateo (Venezuela), immolating 90 
himself exploding an arsenal, and preventing it from falling into enemy hands. This action is 91 
immortalized in the Colombian national anthem: “Ricaurte en San Mateo, en átomos volando” 92 
(Ricaurte in San Mateo, in atoms flying). 93 
Holotype. FCG-CBP-93 94 
Referred material. The specimen FCG-CBP-93 corresponds to a partial, articulated tooth set 95 






















Type locality. Limestone layers of the “Arcillolitas Abigarradas” Member (Paja Formation, 97 
upper Barremian–lower Aptian) cropping out in the Loma La Catalina locality. 98 
Diagnosis. Species characterized by the following features: 1) teeth characterized by a 99 
triangular, thick, and short mainly cusp, 2) proportionally smaller bulky lateral cusplets and 3) 100 
a massive root with a prominent and bulky lingual protuberance. 101 
Description. At least 29 teeth can be observed in the tooth set, of which only 13 are complete, 102 
while the rest are represented by crown and root fragments. Five tooth rows (teeth arranged 103 
mesiodistally and parallel to the jaw edge) and at least seven tooth files (series of teeth 104 
perpendicular to the jaw edge, sensu Cappetta, 2012) in lingual view are identified (Fig. 2 A–105 
D). Most of the tooth files are laterals, with the most distal tooth file presumably being a 106 
posterior one. The arrangement pattern suggests that there are no definite signs of overlap 107 
between root lobes of successive tooth files within a tooth row. Tooth measurements of the 108 
most complete and visible teeth, range between 10.9 and 18.4 mm in height and between 6.5 109 
and 10.9 mm in width. During preparation, two teeth were removed from the tooth set (Fig. 2 110 
E–J), allowing a detailed study of the lingual and labial side of the specimens. Complete teeth 111 
are characterized by a slightly inclined, triangular, thick, and short main cusp with smooth 112 
cutting edges. A single pair of lateral, bulky, triangular cusplets are widely separated and 113 
inclined slightly towards a more labial position than the main cusp. The labial face of the 114 
main cusp is nearly flat, forming a typical, distinctly concave crown-root boundary. Vertical 115 
and parallel enameloid folds are present, extending from the base almost to the apex. These 116 
folds can also be observed in the labial side of the lateral cusplets. The lingual face of the 117 
main cusp is convex and forms vertical and parallel folds, extending from the base up to less 118 
than the middle part of the cusp. At the base of the cusp, a well-developed lingual neck is 119 
noted. The root is high (at least half as high as the complete tooth), and is characterized by 120 






















can be observed at the center of the lingual protuberance, but more or less large central 122 
foramina can be observed in the well-preserved specimens. 123 
 124 
4. Discussion  125 
The genus †Protolamna is probably one of the most ancient lamniforms (Rees, 2005; Kriwet 126 
et al., 2008; Cappetta, 2012), with a chronostratigraphic distribution ranging from the 127 
Valanginian (Early Cretaceous) to the Maastrichtian (Late Cretaceous). The fossil record of 128 
†Protolamna includes Africa, Asia, Australia, Europa and North and South America (e.g., 129 
Cappetta, 2012; Gouiric-Cavalli et al., 2018). †Protolamna was originally described on the 130 
basis of isolated teeth from the upper Aptian of France (†Protolamna sokolovi Cappetta, 131 
1980), and a detailed discussion about the taxonomic status of the genus is presented by 132 
Schmitz et al. (2010). To date, at least seven nominal species from the Lower and Upper 133 
Cretaceous are recognized. Lower Cretaceous species include †Protolamna infracretacea 134 
(Leriche, 1910) (Hauterivian), †Protolamna sarstedtensis Schmitz, Thies and Kriwet, 2010 135 
(Lower Barremian), and †P. sokolovi (upper Aptian) from European basins, and †Protolamna 136 
roanokeensis Cappetta and Case, 1999, from the Albian of North America. Upper Cretaceous 137 
species include †Protolamna acuta Müller and Diedrich, 1991, and †Protolamna carteri 138 
Cappetta and Case, 1999, from the Cenomanian, of Europe and North American, and 139 
†Protolamna borodini Cappetta and Case, 1975, from the Maastrichtian of North America 140 
and Campanian of Europe (Siverson 1992; Vullo, 2005). Other records referring material 141 
from the Lower and Upper Cretaceous to †Protolamna sp. can be found in Rees (2005), 142 
Cappetta (2012), Vullo and Courville (2014) and Gouiric-Cavalli et al. (2018). 143 
The combination of different morphological characters as a triangular, thick, and short main 144 






















prominent and bulky lingual protuberance (Fig. 2 E–J), allows to clearly differentiate 146 
†Protolamna ricaurtensis sp. nov. from species like †P. sokolovi,  †P. infracretacea, †P. 147 
sarstedtensis, †P. acuta and †P. borodini. The closest dental morphology to †P. ricaurtensis 148 
sp. nov. is that of  †P. roanokeensis from the Albian of North America (see Welton and 149 
Farish, 1993, p. 110, figs. 1–9, p. 111, figs. 1-2; Cappetta and Case, 1999, fig. 8). 150 
†Protolamna roanokeensis can be distinguished from other species of the genus by the 151 
distinctive larger teeth, which bear a triangular main cusp with well-developed vertical and 152 
parallel enameloid folds in both lingual and labial faces, and their wider and divergent lateral 153 
triangular cusplets (Cappetta and Case, 1999). According to Cook et al. (2008), the teeth of 154 
†P. roanokeensis resemble closely those of †P. carteri, but the latter is smaller and has a 155 
larger lingual protuberance with a distinctive groove, and exhibits a completely smooth labial 156 
face of the main cusp, and slender lateral cusplets (Cappetta and Case, 1999; Cook et al., 157 
2008). Its morphology contrasts also with those of †P. ricaurtensis sp. nov. The upper 158 
Barremian–lower Aptian †P. ricaurtensis sp. nov. differs from the Albian †P. roanokeensis in 159 
exhibiting  proportionally smaller bulky lateral cusplets and a more massive, and thicker root 160 
with a prominent and bulky lingual protuberance. 161 
†Protolamna species are known only from isolated teeth (Leriche, 1910; Cappetta and Case, 162 
1975, 1999; Cappetta, 1980; Müller and Diedrich, 1991; Schmitz et al. 2010). Using the 163 
“artificial” tooth-set of †P. roanokeensis illustrated by Welton and Farish (1993) as a 164 
reference, it is possible to identify the tooth set of †Protolamna ricaurtensis sp. nov. holotype 165 
as a portion of a left upper jaw dentition. Although the holotype is not complete, since it 166 
preserves only a reduced portion of the lateral part of a left upper jaw, its teeth arrangement 167 
pattern seems to be similar to those found in both extinct and recent lamniforms (e.g. 168 






















tooth set known for the †Pseudoscapanorhynchidae family, and possibly the oldest of its type 170 
for a lamniform from the Lower Cretaceous. 171 
The teeth of †Protolamna have a typical morphology characterized by a slender central cusp 172 
with vertical striations and large lateral cusplets. These are characteristics of 173 
clutching/tearing-type teeth, and suggest that species of this genus fed on small prey (Tomita, 174 
2011). The Arcillolitas Abigarradas Member, from where the studied material comes, is 175 
interpreted to have been deposited in a complex shallow marine environment with restricted 176 
circulation (Etayo-Serna, 1968), where invertebrates, fishes and marine reptile remains are 177 
common (e.g., Páramo, 2015), indicating the presence of abundant resources. Although it is 178 
difficult to infer the ecological role played by †Protolamna ricaurtensis sp. nov., the 179 
information available indicates that it probably was a small nectobenthic shark, occupying a 180 
low trophic position, feeding on small fishes and cephalopods (see Tomita, 2011). 181 
 182 
5. Concluding Remarks 183 
The tooth set of †Protolamna ricaurtensis sp. nov. represents the only articulated fossil tooth 184 
set for the †Pseudoscapanorhynchidae family known to date. The presence of this new species 185 
in the Barremian–Aptian of Colombia corresponds to one of the oldest fossil lamniforms to 186 
date reported from South America. Although the fossil record of fishes for the region is 187 
scarce, our findings shed new light on the chondrichthyan diversity and paleobiogeographic 188 
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Figure captions 325 
 326 
 327 
Figure 1. Geographical location map and generalized geology and stratigraphy of the Villa 328 
the Leyva area (after Etayo-Serna, 1968; Hampe, 2005). Abbreviations: Fm. Formation; CIP. 329 
Centro de Investigaciones Paleontológicas, Villa de Leyva. 330 
 331 
Figure 2. †Protolamna ricaurtensis sp. nov. (FCG-CBP-93) from the upper Barremian–lower 332 
Aptian deposits of the Paja Formation near Villa de Leyva, Boyacá, Colombia. A-C, partial 333 
articulated tooth set in different views. D, tooth set highlighting complete (green) and 334 
incomplete (red) teeth, as well as the removed tooth. E-J, complete removed teeth. Views: 335 
labial (F, J), lingual (E, I), profile (G-H). 336 
 337 
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